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ABSTRACT 

An  instrumentation  system  to  measure  the  absorbed  dose  due  to  Ionizing 
radiations  has  been  designed  for  use  with  a  tissue-equivalent  manikin  in  space 
flights.  The  ionization  chambers  to  be  described  are  fabricated  from  tissue- 
equivalent  materials  to  match  those  of  the  manikin  and  conform  in  design  to 
the  Bragg-Gray  principle.  Experimental  curves  show  saturation  conditions, 
pressure  extrapolations,  and  directional  dependence.  Further,  the  design 
has  minimized  directional  dependence  with  average  losses  ranging  from  5  to 
20  percent  due  to  shielding  of  the  first- stage  electronics,  which  have  been 
incorporated  directly  with  the  ionization  chamber.  The  electrical  signal 
generated  by  the  radiation  absorbed  dose  rate  as  recorded  by  the  chambers  is 
then  processed  electronically  and  telemetered  back  to  earth.  The  electronic 
instrumentation  functions  continuously  over  a  dose  range  of  0.  01  to  100  rads 
per  hour  and  has  a  logarithmic  response.  The  chambers  are  designed  to  be 
placed  in  the  tissue -equivalent  manikin  at  the  following  sites;  femur, 
abdomen,  mediastinum,  humeri,  and  spinal  column.  Automatic  calibration 
is  provided  for  in  both  the  femur  and  abdomen  electronics.  The  calibration 
data  were  obtained  by  using  the  gamma  rays  emitted  by  cobalt-60. 
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I.  INTRODUCTION 


The  objective  of  the  work  under  this  contract  was  the  fabrication  of 
three  radiation  dosimetry  instruments  to  measure  the  absorbed  dose  rates 
at  five  locations  in  three  tissue-equivalent  plastic  manikins  which  will  be 
placed  in  a  terrestrial  orbit.  The  absorbed-dose  monitoring  locations  in 
the  manikin  are  the  humeri  (upper  arm),  femur,  spinal  column,  abdomen, 
and  mediastinum.  The  instruments  were  to  be  sensitive  to  gamma  photons 
over  the  rate  interval  from  0.01  to  100  rsid/h  and  were  to  have  a  voltage 
output  approaching  a  logarithmic  response. 

Three  prototype  systems  were  fabricated  and  delivered.  Each 
consists  of  five  channels  with  interchangeable  electronics.  The  femur 
and  abdomen  channels  have  automatic  calibration.  There  are  three  basic 
sizes  of  ionization  chambers:  (1)  the  humeri  and  spinal  column;  (2)  the 
femur,  and  (3)  the  abdomen  and  mediastinum. 
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II. 


PROCEDURE 


It  is  well  known  in  radiological  physics  that  energy  imparted  to  a 
material  (in  this  case,  muscle  tissue)  by  ionizing  radiation  which  includes 
secondary  electrons  ejected  by  photons  may  be  determined  by  ionization 
measurements  made  in  accordance  with  the  Bragg-Gray  principle.  The 
ionization  chambers  of  this  system  were  designed  to  obey  this  principle. 
Therefore,  they  measured  the  energy  imparted  to  muscle  tissue  regardless 
of  the  incident  photon  energy.  Among  the  design  considerations  were  a 
minimum  use  of  metal  in  the  chamber  construction,  tissue -equivalent  walls, 
and  small  chamber  cavity.  Fig.  1  is  a  cross-sectional  drawing  of  a  typi¬ 
cal  chamber  design  and  Fig.  2  is  an  assembly  drawing  of  the  same  chamber. 

A.  Chamber  Walls 


The  chamber  walls  consist  of  a  muscle-tissue  equivalent 
plastic,  a  conducting  blend  of  materials  with  optimum  mechanical  properties, 
developed  by  Shonka.  ^  Since  there  is  little  agreement  in  the  literature  on 
the  composition  of  wet  muscle,  Shonka  adopted  the  composition  recom¬ 
mended  by  the  International  Commission  of  Radiological  Units: 


'1. 024 


H 


10.  2 


'4. 556 


N 


0.  25 


Na 


0. 0035 


^*0.0008  ^0.0065  0756  ^0.0077  ^^0.00017 

With  this  material  surrounding  a  chamber  cavity,  one  of  the  requirements 
for  application  of  the  Bragg-Gray  principle  is  met. 


B.  Chamber  Cavity 

Another  requirement  for  application  of  the  Bragg- Cray 
principle  is  for  the  linear  dimensions  of  the  cavity  to  be  less  than  the 
range  of  the  secondary  electrons  generated  in  the  wall  material.  As  will 
be  shown  later,  this  requirement  was  also  met.  However,  a  limiting 
factor  for  reduction  of  the  linear  dimensions  is  that  of  maintaining  ade¬ 
quate  chamber  volume  for  obtaining  physically  measurable  ionization 
currents.  The  cavity  volume  for  each  chamber  design  is  humeri  and 
spinal  column,  2.26  cm^;  femur,  8.  14  cm^;  abdomen  and  mediastinum, 

16.  1  cm^.  The  calculated  ionization  current  per  0.010  rad/h  energy 
absorption  is  2.  7  x  10"  ^^A,  9.  6  x  10"  ^^A,  and  1.  9  x  10"  ^“^A,  respectively. 


C.  Guard  Electrode 


To  insure  accuracy  in  the  measurement  of  the  ionization 
currents,  close  attention  was  given  to  reduction  of  stray  cur.rent  leakage. 
To  reduce  the  current  leakage  between  the  high  voltage  and  collecting 
electrode,  a  guard  electrode  was  placed  between  them.  It  is  operated 
near  the  same  potential  as  the  collection  electrode  and  thus  is  not  a 
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Fig.  2.  Assembly  drawing  of  ionization  chamber. 


source  of  leakage.  A  measurement  of  the  leakage  current  across  the  huh- 
voltage-collecting-electrode  gap  revealed  an  effective  impedance  of  10^' Q. 
With  70  V  applied  to  the  high-voltage  electrode,  the  leakage  current  is  two 
orders  of  magnitude  less  than  that  through  the  log  diode  at  0.  010  rad/h. 

D.  Log  Diode 

To  obtain  a  logarithmic  response  to  radiation  rate  over  a 
four-decade  range,  a  log  diode  was  used  as  the  nonlinear  element  in  the 
electronics.  Fig.  3  is  a  block  diagram  of  the  electronics  and  represents 
an  adaptation  of  the  circuit  developed  by  Wade.  ^ 

The  log  diode  has  characteristics  described  by 


V  =  log  i  +  b  , 

where 

k  3  Boltzmann's  constant 
e  =  electronic  charge 
T  s  cathode  temperature 
b  s  constant  depending  on  temperature. 


This  relationship  between  voltage  and  current  is  theoretically 
ideal  for  a  logarithmic  element  if  there  are  no  changes  in  cathode  tem¬ 
perature.  The  use  of  two  such  diodes  properly  connected,  largely  com¬ 
pensates  for  the  effects  of  temperature  changes  and  power  supply 
variations. 

E.  Circuit  Description 

Fig.  4  is  a  schematic  diagram  of  the  log  amplifier.  Low- 
current  electrometer  tubes  are  used  for  the  input  stages.  The  balanced 
5886  subminiature  tubes  drive  a  differential  stage  using  ZN329A  silicon 
transistors  to  obtain  low  and  to  minimize  temperature  effects.  A 

stable  operating  level  is  obtained  by  connecting  the  electrometers  as 
tetrodes  and  supplying  the  screen  current  from  the  common  emitters  of 
the  transistors.  The  plate  of  the  electrometer  is  connected  to  the  bases 
of  the  transistors. 

The  current  output  of  the  differential  stage  is  further  amplified  by 
two  cascaded  emitter- follower  stages  providing  an  over-all  loop  voltage 
amplification  of  80.  The  dc  level  of  the  cascaded  emitter-follower  is  then 
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Schematic  of  the  electronic  dc  amplifier 


coupled  to  a  2N930  transistor  to  give  a  0-  to  5-V  logarithmic  output  for 
measured  input  ranges  of  0.010  to  100  rad/h.  In  this  final  stage,  the 
output  impedance  is  2dso  matched  to  have  minimum  power  supply  current 
requirements  when  operating  into  a  300-kR  load. 

F.  Automatic  Calibration 


To  a<^ieve  automatic  calibration  of  the  electronics  systems, 
a  high-meg  (9  x  lO^MQ)  resistor  and  a  thermal  relay  were  included  in  the 
electronics  of  two  of  the  radiation-monitoring  channels.  The  thermal  re¬ 
lay  periodically  attaches  fixed  voltages  from  a  low-impedance  source  to 
the  ionization  chamber  end  of  the  high-meg  resistor  (Fig.  4).  In  this 
manner,  a  current  source  which  does  not  appreciably  affect  the  feedback 
current  through  the  log  diode  is  approximated.  Therefore,  electronic 
drifts  can  be  compensated  for  in  the  received  data. 
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III. 


TEST  RESULTS 


A.  The  Bragg-Gray  Criteria 

In  the  Bragg-Gray  theory  of  the  cavity  ionization  chamber, 
the  assumption  is  made  that  the  secondary  electrons  traversing  a  solid  me¬ 
dium  lose  the  same  amount  of  energy  in  a  distance  AX,  which  is  short 
compared  with  their  range,  as  they  would  lose  in  traversing  a  distance 
SAX  of  air,  where  S  is  a  proportionality  factor  that  is  independent  of  the 
particle  velocity.  ^  Therefore,  if  the  geometry  of  an  ionization  chamber 
design  is  such  that  the  cavity  width  is  comparable  to  the  range  of  the  par¬ 
ticle  in  air,  it  becomes  impossible  to  relate  accurately  the  ionization 
produced  in  the  cavity  to  the  absorbed  tissue  dose  at  the  point  of  measure¬ 
ment.  An  experimental  check  of  the  cavity  design  criteria  is  therefore 
necessary.  This  check  is  made  by  measuring  the  ionization  per  unit  mass 
of  air  in  the  cavity  as  the  pressure  is  reduced.  If  this  measurement  yields 
a  constant  value,  it  is  known  that  the  secondary  electrons  lose  only  a  small 
fraction  of  their  energy  in  traversing  the  cavity  and,  therefore,  the  design 
criterion  has  been  met. 

In  the  experiment,  the  cavity  pressure  was  reduced  while  the  ion¬ 
ization  chamber  was  exposed  to  a  constant  radiation  rate.  The  data  obtained 
indicated  the  amount  of  ionization  current  versus  cavity  pressure.  Since  the 
temperature  and  volvune  are  constant,  division  of  the  indicated  ionization 
current  by  the  cavity  pressure  yields  a  value  that  is  proportional  to  the 
ionization  current  per  unit  mass  of  air.  Figures  5(a),  (b),  and  (c)  show  that 
this  value  tends  to  remain  constant  as  pressure  is  reduced  for  each  chamber 
design. 


B.  Directional  Dependence 

Outer  space  radiation  can  be  considered  isotropic  for  do¬ 
simetry  purposes.  Therefore,  if  the  energy  absorption  sensors  are  direc  - 
tionally  dependent,  it  is  necessary  to  correct  the  indicated  radiation  ab¬ 
sorption  dose  rates.  As  can  be  seen  from  Fig.  6,  the  average  response 
of  the  abdomen-type  chamber,  taken  over  all  incident  angles,  is  95 percent 
of  that  for  its  most  sensitive  direction,  for  which  the  calibrated  absorbed 
dose  rate  curve  was  obtained.  Therefore,  if  the  chamber  is  placed  in  an 
isotropic  radiation  field,  the  indicated  absorbed  dose  rate  must  be  corrected 
by  the  factor  1. 05  (the  reciprocal  of  0.  95)  to  account  for  the  nonuniform 
directional  sensitivity  shown  in  Fig.  6.  Similar  correction  factors  of  1.  12 
and  1.  20  should  be  made  for  the  femur-  and  humeri-type  chambers,  whose 
directional  characteristics  are  presented  in  Figs.  7  and  8. 

The  preceding  correction  factors  are  true  only  when  the  ionization 
chambers  are  placed  by  themselves  in  an  isotropic  field  and,  therefore,  a 
similar  measurement  must  be  made  when  the  chambers  are  placed  in 
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IONIZATION  CURRENT /UNIT  MASS  AIR,  %  max  VALUE 


Fig.  5.  Ionization  current  per  unit  mass  of  air  versus  cavity 
pressure,  (a)  Humeri-type  chamber;  (b)  Femur-type 
chamber;  (c)  Abdomen-type  chamber. 
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Fig.  6.  DirecUonal  sensitivity  of  the  abdomen-type  ionization  chamber 
to  Co°®  gamma  radiation. 
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Fig.  7.  Directional  sensitivity  of  the  femur-type  ionization  chamber 
to  Co®®  gamma  radiation. 


note:  average  RESPONSE  IS 
83%  OF  MAX  RESPONSE 


Fig.  8.  Directional  sensitivity  of  the  humeri-type  ionization  chamber 
to  Co^®  gamma  radiation. 
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scattering  media  such  as  the  tissue  equivalent  plastic  manikin.  Two  en¬ 
tities  will  change  the  correction  factors  for  the  latter  case.  (1)  The 
differential  absorption  by  the  manikin  will  create  anisotropy  of  the  ra¬ 
diation  field.  (2)  The  differential  scattering  by  the  manikin  components 
will  alter  the  shape  of  the  directional  curve. 

C.  Saturation  Voltage 

To  achieve  maximum  collection  of  the  ionization  current, 
each  chamber  design  was  checked  for  indicated  collection  current  versus 
high-voltage  electrode  potential.  Figures  9,  10,  and  11  are  graphs  of 
these  measurements. 

It  will  be  noted  that  the  highest  potential  required  for  maximum 
collection  current  is  30  V  (see  Fig.  11).  Therefore,  the  chosen  70-V 
high-voltage  supply  is  ample  to  ensure  both  maximum  collection  current 
and  insensitivity  to  long-term  changes  in  high-voltage- supply,  potential. 

D.  Calibration 

Calibration  of  each  channel  was  obtained  by  using  a  Co^^ 
needle  with  an  accurately  known  activity  of  11. 8mC  and  a  length  of  1  cm. 
Experiments  showed  that  at  distances  greater  than  13  cm,  the  ionization 
chambers  behaved  as  l/r^  detectors  for  this  Co®®  source.  Therefore, 
the  Co^®  needle  can  be  considered  to  be  a  point  source  for  greater  dis¬ 
tances.  At  a  separation  distance  of  17.5  cm,  the  calcvilated  exposure 
dose  rate  is  0.  52  r/h.  Reduction^  by  4%  then  gives  a  tissue  absorbed 
dose  rate  of  0. 5  rad/h. 

When  the  output  of  a  point- source  x-ray  generator  is  adjusted  to 
give  the  same  electronic  output  at  a  separation  distance  of  7.  2  m  as  that 
obtained  from  exposure  to  the  standard  source  at  17.  5  cm,  0.  5  rad/h  is 
again  obtained.  The  inverse  square  relationship  shows  that  100  rad/h 
is  obtained  at  a  0.5-m  separation,  thereby  giving  full  range  calibration 
capabilities.  Figures  12  through  14  are  typical  calibration  curves  for 
each  chamber  design. 

E.  Response  Times 

The  intended  use  of  these  instruments  requires  a  telemetry 
link,  and  link- generated  noise  will  degrade  the  data.  It  is  possible  to 
recognize  noise  by  knowing  the  system  response  time  to  changes  in  the 
measured  parameter.  Thus,  when  the  data  indicate  changes  in  excess  of 
the  system  response  time,  they  may  be  discounted. 

The  system  response  time  to  step  changes  in  radiation  rate  was 
measured  for  each  chamber  design.  Since  the  response  time  is  inversely 
proportional  to  the  aunount  of  electronic  feedback,  a  set  of  data  is  required 
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Fig.  10.  Saturation  voltage  curve  for  the  femur-type  ionization  chamber. 


-^|/B 


Saturation  voltage  curve  for  the  abdomen-type  ionization  chamber. 


ABSORBED  DOSE  RATE,  rod /h 
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for  each  chamber.  In  Table  I,  data  are  recorded  for  the  time  required 
for  both  increasing  and  decreasing  changes  in  energy  absorption  rate  for 
the  output  voltage  to  reach  90% of  equilibrium  value. 

F,  Qualification  Tests 


Prior  to  system  assembly,  four  critical  components  were 
subjected  to  qualification  tests.  These  were  the  5886  electrometer  tubes, 
the  VX  69  thermal  relay,  the  SLllOA  relay,  and  the  collecting  electrode 
of  the  ionization  chamber.  The  test  for  the  first  three  items  is  described 
below,  and  the  results  are  given. 

The  test  specimens  were  mounted  on  a  centrifuge  in  three  succes¬ 
sive  positions  so  that  each  of  the  three  major  axes  of  the  test  specimens, 
in  turn,  extended  in  a  radial  direction  with  respect  to  the  centrifuge  center 
of  rotation.  The  acceleration,  starting  from  zero,  was  increased  to  40  g's 
in  approximately  2  min  and  held  for  a  period  of  no  less  than  10  min. 

For  the  SLllOA  relays,  three  specimens  were  wired  so  that  all 
normally  closed  contacts  were  in  series  and  were  tested  for  contact  open¬ 
ing  in  excess  of  0.01  msec;  no  malfunctions  were  detected  in  the  relays 
during  the  tests. 

For  the  VX  69  thermal  relay,  the  activation- deactivation  voltages 
and  currents  of  four  specimens  were  tested.  These  data  are  tabulated  in 
Table  II  for  each  test  specimen  prior  to  and  after  the  acceleration  environ¬ 
ment.  The  observed  changes  are  insignificant  compared  with  the  supply 
voltage  of  1.25  V  in  system  operation. 

For  the  5886  electrometer  tube,  six  specimens  were  wired  so  that 
changes  in  plate  current  could  be  detected  during  acceleration  while  all 
electrode  potentials  were  held  constant.  There  were  no  detectable  changes 
in  plate  current  in  any  of  the  test  specimens. 

The  mechanically  weakest  component  of  the  ionization  chamber  is 
thought  to  be  the  collection  electrode.  Therefore,  this  item  was  given 
the  following  vibration  and  shock  test,  in  which  no  visible  damage  was 
noted. 


A  1.7-in.  and  1.1-in.  extension  of  a  0.  100-  and  0.  050-in. - 
diameter  conducting  plastic  rod,  respectively,  was  subjected  to  a  white 
noise  vibration  in  which  the  spectrum  was  weighted  according  to  the  follow¬ 
ing: 


5 

to 

50  cps 

± 

0.4 

g 

rms 

50 

to 

430  cps 

± 

1.0 

g 

rms 

430 

to 

510  cps 

± 

2.0 

g 

rms 

510 

to 

700  cps 

± 

7.0 

g 

rms 

700 

to 

2000  cps 

i 

2.  0 

g 

rms 
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In  addition,  these  pieces  were  given  a  separate  sinusoidal  vibration  of: 


5 

to 

20  cps 

0.  25-in.  double  amplitude 

20 

to 

50  cps 

3  g's 

50 

to 

500  cps 

9  g's 

500 

to 

2000  cps 

15  g's 

with  the  sweep  rate  of  the  shake  table  2  min/octave.  Finally,  there  was 
a  shock  acceleration  of  30  g's  in  9  msec.  All  of  these  tests  were  per¬ 
formed  with  the  pieces  held  so  that  maximum  force  was  perpendicular  to 
the  axis  of  symmetry. 

System  environmental  tests  were  performed  as  indicated  in  Appen¬ 
dix  VII. 


TABLE  II 

VX69  Thermal  Relay  Characteristics  before  and  after  40  g's  Acceleration 


Prior  to  Acceleration 

After  Acceleration 

Activation 

Deactivation 

Activation 

Deactivation 

Relay 

Number 

Volt¬ 

age, 

V 

Cur¬ 

rent, 

mA 

Volt¬ 

age, 

V 

Cur¬ 

rent, 

mA 

Volt¬ 

age, 

V 

Cur¬ 

rent, 

mA 

Volt¬ 

age, 

V 

Cur¬ 

rent, 

mA 

1 

0,  557 

7.  5 

0.  538 

7.  2 

0.  574 

7,  8 

0.522 

7.2 

2 

0.  501 

6.  5 

0.  435 

5.  8 

0.  475 

6.0 

0.  400 

5.6 

3 

0.  529 

7.  0 

0.  475 

6.  4 

0..522 

6.  8 

0.478 

6.5 

4 

0.  620 

8.  1 

0.  609 

8.0 

0.  778 

10.0 

0.  742 

9.6 
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APPENDIX  I  -  TEST  SPECIFICATION 

DC  AMPLIFIER  MODULE 
SCHEMATIC  NO.  334545 
334544-400 


A.  Test  Preparations 

1.  Connect  module  to  test  circuit  shown  in  Fig.  A-1. 
Note  precautions  shown  on  this  figure.  Allow  at  least  l/Z-h  warm-up 
time. 


B.  Tests 

1 .  Balance  Test 

<< 

Set  potentiometer  Rll  for  0  V  dc  at  TP3.  Turn 
R26  fully  counterclockwise  (minimum  gain)  and  R21  fully  clockwise, 
These  three  potentiometers  must  be  adjusted  so  that  the  following  three 
conditions  are  satisfied: 


a.  When  point  A  is  connected  to  point  B,  and 
switch  SI  is  in  position  1,  the  output  voltage  at  TPl  shall  be  between 
0  and  2.  5  V  dc. 


b.  When  point  A  is  connected  to  point  B,  and 
switch  SI  is  in  position  2,  the  output  voltage  at  TPl  shall  be  between 
4.  8  and  5.  0  V  dc. 


c.  When  point  B  is  disconnected  from  point  A, 
and  left  open,  the  output  voltage  at  TPl  shall  be  0  i  0.  02  V  dc  after 
reaching  equilibrium. 

When  making  the  above  adjustments,  R26  should 
be  used  primarily  to  adjust  the  range  or  total  variation  of  output  voltage, 
while  Rll  and  R21  should  be  used  to  meet  the  other  two  conditions.  Ihe 
final  setting  of  Rll  should  be  such  that  the  voltage  at  TP3  is  within 
±  0.  4  V  from  ground. 


During  initial  factory  checkout,  either  resistor  R12  or  R13  may  be 
removed  to  secure  sufficient  adjustment  range  in  the  positive  or  nega¬ 
tive  direction  for  potentiometer  Rll.  If  any  of  the  tubes  or  transistors 
on  the  module  are  replaced,  it  is  necessary  to  redetermine  the  proper 
resistor  to  be  removed. 
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Fig.  A-1.  Recommended  test  setup 


2. 

following  points: 

resistance  shall  be  1 


Continuity  and  Resistance  Tests 

Check  for  continuity  (less  than  2  f2 )  between  the 


Pl-4  and  Jl-11 
Pl-5  and  Jl-10 
PI -6  and  Jl-9 
Jl-5,  6,  7,  and  8 

Check  resistance  between  PI -3  and  Jl-14,  This 
.  0  MO  ±  10%. 
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APPENDIX  II-  TEST  SPECIFICATION 

RADIATION  DOSIMETER  POWER  SUPPLY  UNIT 

SCHEMATIC  NO.  334534 

334532-400 


A.  Test  Equipment 

Vacuum  tube  voltmeter.  Electro- Instruments  Model  1050, 
or  equivalent 

Multimeter,  Simpson  Model  260,  or  equivalent 
Carbon  resistors,  1/2  W,  5%,  680  and  220  0 
Stop  Watch 

B.  Test  Preparations 

Connect  the  220-n  resistor  from  Jl,  pin  5  to  J2,  pin  6. 
Momentarily  connect  +28  V  dc  between  TPl  and  TP3  to  activate  the 
latching  relays, 

C.  Tests 

1 .  Timer  Test 

Connect  the  VTVM  to  TP4  to  observe  the  timing 
and  calibrate  cycle.  Connect  the  multimeter  to  TP5,  Allow  the  timer 
to  operate  3  min  or  longer  before  beginning  measurements. 

The  voltage  at  TP5  will  switch  from  approximately 
2.  7  V  dc  to  approximately  0.5  V  dc.  Measure  the  length  of  time  in  each 
condition.  The  length  of  time  in  the  high-voltage  condition  shall  be  between 
70  and  90  sec.  The  length  of  time  in  the  low-voltage  condition  shall  be 
between  35  and  45  sec. 

While  the  voltage  at  TP5  is  in  the  low  condition, 
the  calibrating  voltage  at  TP4  shall  switch  between  0.  113  +.  5%  and  1.  24 
i  5%  V  dc.  The  length  of  time  in  each  condition  shall  be  between  9  and 
13  sec. 


While  the  voltage  at  TP5  is  in  the  high  condition, 
the  calibrating  voltage  at  TP4  shall  not  switch,  but  may  remain  at  either 
voltage. 


2.  Battery  Test 

Check  that  battery  voltages  appear  at  the  proper 
points  as  indicated  in  schematic  334534.  The  1.  35- V  batteries  used  for 
hlament  voltage  should  be  checked  with  a  load  of  68  (1  across  the  multim¬ 
eter  terminals.  Applicable  tolerances  are  as  follows: 
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Nominal  voltage 

16.  2 
10,  8 
1.  35 
2.7 
67 


Tolerance  limits 

15  to  17.  5 
10  to  12 

1.  3  to  1.4 

2.  6  to  2.  8 
63  to  72 


D.  Wiring 

Using  a  multimeter,  or  other  continuity  indicating  device, 
check  the  remainder  of  the  circuit  and  connections  to  the  plugs  and  test 
points  as  shown  on  Schematic  334545.  This  procedure  must  be  performed 
with  caution  because  batteries  are  in  the  equipment,  with  voltages  always 
present. 

E.  Post  Test  Procedure 

Momentarily  connect  +28  V  dc  between  TP2  and  TP3  to 
deactivate  the  latching  relays. 
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APPENDIX  III  -  TEST  SPECIFICATION 

RADIATION  DOSIMETER  PROBE,  UNIT  3,  TYPE  I 

SCHEMATIC  NO.  334553 

334553-400 

A.  Teat  Equipment 

Electromagnetic  radiation  source  having  energies  greater 
than  100  keV  and  capable  of  producing  exposure  dose  rates 
of  between  0.010  and  105  r/h. 

Radiation  dosimeter  power  supply  as  outlined  by  test 
specification  334532-400. 

Dc  amplifier  module  as  outlined  by  test  specification 
334544-400. 

Vacuum  tube  voltmeter,  Electro- Instruments  Model  1050, 
or  equivalent. 

Carbon  resistor,  1/4  W,  5%,  300  kD. 

B.  Test  Preparations 

1.  Connect  the  300-kD  resistor  from  TPl  of  the  dc 
amplifier  module  to  chassis  ground.  Connect  the  VTVM  across  the 
resistor.  Connect  PI  of  the  dc  amplifier  to  either  J3,  4,  or  5  of  the 
radiation  dosimeter  power  supply.  Momentarily  connect  +28  V  dc  between 
TPl  and  TP3  of  the  power  supply  to  activate  the  latching  relays.  Allow 

at  least  l/2-h  warm-up  time. 

2.  Adjust  R26  (gain)  and  R21  (zero)  of  the  dc  amplifier 
module  so  that  0  and  +5  V  are  indicated  by  the  VTVM  for  exposure  dose 
rates  of  0.  0104  and  104  r/h,  respectively. 

C.  Tests 


1 .  Collection  Current  Leakage  Test 

The  VTVM  should  indicate  no  less  than  +1  V  when 
the  ionization  chamber  cavity  is  exposed  to  a  0.  52- r/h  exposure  dose 
rate  emanating  from  the  electromagnetic  radiation  source. 

2.  Logarithmic  Response  Test 

The  voltage  outputs  between  +1.0  and  +5.  0  V  for 
exposure  dose  rates  between  0,417  and  104  r/h  should  not  vary  more  than 
+^  0.  20  V  from  that  predicted  by 

E^^t  =  K(1  +  log  R)  , 


30 


where 


K  =  1.66  V 

R  =  numerical  value  of  exposure  dose  rate  in  r/h. 

3.  Response  Time  Test 

The  output  voltage  should  reach  1.  35  V  in  less  than 
15  sec  when  exposed  to  a  step  change  in  radiation  rate  of  from  0  to  0.  83 
r/h. 

D.  Post  Test  Procedure 

Momentarily  connect  +28  V  dc  between  TP2  and  TP3  of 
the  power  supply  to  deactivate  the  latching  relays. 
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APPENDIX  IV  -  TEST  SPECIFICATION 

RADIATION  DOSIMETER  PROBE,  UNIT  5,  TYPE  III 

SCHEMATIC  NO.  334577 

334577-400 


A.  Test  Equipment 

Electromagnetic  radiation  source  having  energies  greater 
than  100  keV  and  capable  of  producing  exposure  dose  rates 
of  between  0.  010  and  105  r/h. 

Radiation  dosimeter  power  supply  as  outlined  by  test 
specification  334532-400. 

Dc  amplifier  module  as  outlined  by  test  specification 
334544-400. 

Vacuum  tube  voltmeter,  Electro-Instruments  Model  1050, 
or  equivalent. 

Carbon  resistor,  l/4  W,  5%,  300  k  D  . 

B.  Test  Preparations 

1.  Connect  the  300-kD  resistor  from  TPl  of  the  dc 
amplifier  module  to  chassis  ground.  Connect  the  VTVM  across  the 
resistor.  Connect  PI  of  the  dc  amplifier  to  either  J3,  4,  or  5  of  the 
radiation  dosimeter  power  supply.  Momentarily  connect  +28  V  dc  between 
TPl  and  TP3  of  the  power  supply  to  activate  the  latching  relays.  Allow 

at  least  l/2-h  warm-up  time. 

2.  Adjust  R26  (gain)  and  R21  (zero)  of  the  dc  amplifier 
module  so  that  0  and  +5  V  are  indicated  by  the  VTVM  for  exposure  dose 
rates  of  0.0104  and  104  r/h,  respectively. 

C.  Tests 


1 .  Collection  Current  Leakage  Test 

The  VTVM  should  indicate  no  less  than  +1. 6  V  when 
the  ionization  chamber  cavity  is  exposed  to  a  0.  52  r/h  exposure  dose  rate 
emanating  from  the  electromagnetic  radiation  source. 

2.  Logarithmic  Response  Test 

The  voltage  outputs  between  +1.0  and  +5.  0  V  for 
exposure  dose  rates  between  0.  135  r/h  and  104  r/h  should  not  vary  more 
than  i.  0.  20  V  from  that  predicted  by 


^out  =  K(1.6  +  logR) 
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where 


K  rz  1,4  V 

R  =  numerical  value  of  exposure  dose  rate  in  r/h, 

3.  Response  Time  Test 

The  output  voltage  should  reach  1.  35  V  in  less  than 
15  sec  when  exposed  to  a  step  change  in  radiation  rate  of  from  0  to  0.  31 
r/h, 

D.  Post  Test  Procedure 

Momentarily  connect  +28  V  dc  between  TP2  and  TP3  of 
the  power  supply  to  deactivate  the  latching  relays. 
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APPENDIX  V-  TEST  SPECIFICATION 

RADIATION  DOSIMETER  PROBE,  UNIT  1,  TYPE  II 

SCHEMATIC  NO.  334566 

334566-400 


A.  Test  Equipment 

Electromagnetic  radiation  source  having  energies  greater 
than  100  keV  and  capable  of  producing  exposure  dose  rates 
of  between  0.  010  and  105  r/h. 

Radiation  dosimeter  power  supply  as  outlined  by  test 
specification  334532-400. 

Dc  amplifier  module  as  outlined  by  test  specification 
334544-400. 

Vacuum  tube  voltmeter.  Electro- Instruments  Model  1050, 
or  equivalent. 

Carbon  resistor,  1/4  W,  5%,  300  kD  . 

B.  Test  Preparations 

1.  Connect  the  300-kD  resistor  from  TPl  of  the  dc 
amplifier  module  to  chassis  ground.  Connect  the  VTVM  across  the 
resistor.  Connect  PI  of  the  dc  amplifier  to  either  J1  or  2  of  the  radiation 
dosimeter  power  supply.  Connect  TP4  to  TP3  of  the  power  supply  to 
short  out  the  automatic  calibration  voltage.  Momentarily  connect  +28  V  dc 
between  TPl  and  TP3  of  the  power  supply  to  activate  the  latching  relays. 
Allow  at  least  l/2-h  warm-up  time. 

2.  Adjust  R26  (gain)  and  R21(zero)  of  the  dc  amplifier 
module  so  that  0  and  +5  V  are  indicated  by  the  VTVM  for  exposure  dose 
rates  of  0.0104  and  104  r/h,  respectively. 

C.  Tests 


1 .  Collection  Current  Leakage  Test 

The  VTVM  should  indicate  no  less  than  +1.  5  V 
when  the  ionization  chamber  cavity  is  exposed  to  a  0.  52- r/h  exposure 
dose  rate  emanating  from  the  radiation  source. 

2.  Logarithmic  Response  Test 

The  voltage  outputs  between  +1.0  and  5.  0  V  for 
exposure  dose  rates  between  0.  177  and  104  r/h  should  not  vary  more 
than  ±  0.  20  V  from  that  predicted  by 

E^^^  =  K(1.45  +  logR)  , 
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where 


K  =  1.45  V 

R  =  numerical  value  of  exposure  dose  rate  in  r/h. 

3.  Response  Time  Test 

The  output  voltage  should  reach  1,  35  V  in  less  than 
15  sec  when  exposed  to  a  step  change  in  radiation  rate  from  0  to  0.  38 
r/h. 


4.  Automatic  Calibration  Test 


Disconnect  TP4  from  TP3  of  the  power  supply. 
Connect  a  dc  module  with  a  type  I  or  II  probe  attached  to  the  remaining 
J1  or  J2  of  the  power  supply.  The  output  voltage  should  vary  periodi¬ 
cally  in  accordance  with  times  measured  in  following  test  specification 
334532-400.  The  voltage  outputs  during  the  automatic  calibration  cycle 
should  be  separated  by  no  less  than  one  decade  equivalent  radiation 
absorbed  dose  rates. 

D.  Post  Test  Procedure 


Momentarily  connect  +28  V  dc  between  TP2  and  TP3  of 
the  power  supply  to  deactivate  the  latching  relays. 
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APPENDIX  VI  -  TEST  SPECIFICATION 

RADIATION  DOSIMETER  PROBE,  UNIT  2,  TYPE  IV 

SCHEMATIC  NO.  334587 

334587-400 


A.  Test  Equipment 

Electromagnetic  radiation  source  having  energies  greater 
than  100  keV  and  capable  of  producing  exposure  dose  rates 
of  between  0.  010  and  105  r/h. 

Radiation  dosimeter  power  supply  as  outlined  by  test 
specification  334532-400. 

Dc  amplifier  module  as  outlined  by  test  specification 
334544-400. 

Vacuum  tube  voltmeter,  Electro-Instruments  Model  1050, 
or  equivalent. 

Carbon  resistor,  1/4  W,  5%,  300  kil  . 

B.  Test  Preparations 

1.  Connect  the  300-kn  resistor  from  TPl  of  the  dc 
amplifier  module  to  chassis  ground.  Connect  the  VTVM  across  the 
resistor.  Connect  PI  of  the  dc  amplifier  to  either  J1  or  2  of  the  radiation 
dosimeter  power  supply.  Connect  TP4  to  TP3  of  the  power  supply  to 
short  out  the  automatic  calibration  voltage.  Momentarily  connect  +28  V  dc 
between  TPl  and  TP3  of  the  power  supply  to  activate  the  latching  relays. 
Allow  at  least  l/2-h  warm-up  time. 

2.  Adjust  R26  (gain)  and  R21  (zero)  of  the  dc  amplifier 
module  so  that  0  and  +  5  V  are  indicated  by  the  VTVM  for  exposure  dose 
rates  of  0.0104  and  104  r/h,  respectively. 

C.  Tests 


1 .  Collection  Current  Leakage  Test 

The  VTVM  should  indicate  no  less  than  +1. 6  V 
when  the  ionization  chamber  cavity  is  exposed  to  a  0.  52  r/h  exposure 
dose  rate  emanating  from  the  electromagnetic  radiation  source. 

2.  Logarithmic  Response  Test 

The  voltage  outputs  between  +1.0  and  +5.  0  V  for 
exposure  dose  rates  between  0.  135  r/h  and  104  r/h  should  not  vary  more 
thani  0.  20  V  from  that  predicted  by 

Eout  "  K(1.6  +  logR)  , 
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where 


K  =  1.4  V 

R  =  numerical  value  of  exposure  dose  rate  in  r/h, 

3.  Response  Time  Test 

The  output  voltage  should  reach  1.  35  V  in  less  than 
15  sec  when  exposed  to  a  step  change  in  radiation  rate  of  from  0  to  0.  31 
r/h. 


4.  Automatic  Calibration  Test 


Disconnect  TP4  from  TP3  of  the  power  supply. 
Connect  a  dc  module  with  a  type  I  or  II  probe  attached  to  the  remaining 
J1  or  J2  of  the  power  supply.  The  output  voltage  should  vary  periodically 
in  accordance  with  times  measured  in  following  test  specification 
334532-400.  The  voltage  outputs  during  the  automatic  calibration  cycle 
should  be  separated  by  no  less  than  one  decade  equivalent  radiation 
absorbed  dose  rates. 

D.  Post  Test  Procedure 


Momentarily  connect  +28  V  dc  between  TP2  and  TP3  of 
the  power  supply  to  deactivate  the  latching  relays. 
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APPENDIX  VII-  HUGHES  AIRCRAFT  COMPANY  PRODUCT  SPECIFICATION 
RADIATION  DOSIMETRY  EQUIPMENT 

A,  Scope 

This  specification  covers  radiation  dosimetry  equipment 
developed  under  Contract  No,  AF  29(601)-4607. 

B.  Applicable  Documents 

The  following  documents  form  a  part  of  this  specification 
in  the  manner  and  to  the  extent  specified  herein: 

Military: 

MIL-D-70327  Drawings,  Engineering  and  Asso¬ 
ciated  Lists 

MIL-S-6644  Specifications,  Equipment  Contractor- 
Prepared 

National  Bureau  of  Standards: 

NBS  Handbook  54 

Hughes  Aircraft  Company: 

334532  Power  Supply 

334544  DC  Amplifier  Module 

334553  Assembly,  Radiation  Probe,  Type  I 

334566  Assembly,  Radiation  Probe,  Type  II 

334577  Assembly.  Radiation  Probe,  Type  III 

334587  Assembly,  Radiation  Probe,  Type  IV 

334532-400  Test  Specification  Radiation  Dosimeter, 
Power  Supply  Unit 

334544-400  Test  Specification  DC  Amplifier  Module 

334553-400  Test  Specification  Radiation  Probe, 

Type  I 
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334566-400  Test  Specification  Radiation  Probe, 

Type  II 

334577-400  Test  Specification  Radiation  Probe, 

Type  III 

334587-400  Test  Specification  Radiation  Probe, 

Type  IV 

C.  Requirements 

1 .  Unit  Description 

The  following  units  comprise  a  set  of  radiation 
dosimetry  instruments: 

Unit  1  —  Radiation  Probe,  Type  II  (femur)  is  constructed 
in  accordance  with  Hughes  Aircraft  Company 
Drawing  No.  334566. 

Unit  2  —  Radiation  Probe,  Type  IV  (abdomen)  is  constructed 
in  accordance  with  Hughes  Aircraft  Company 
Drawing  No.  334587. 

Unit  3  —  Radiation  Probe,  Type  I  (humeri  or  spinal  column) 
is  constructed  in  accordance  with  the  Hughes 
Aircraft  Company  Drawing  No.  334553. 

Unit  4  —  Same  as  Unit  3. 

Unit  5  —  Radiation  Probe,  Type  III  (mediastinum)  is  con- 
,  structed  in  accordance  with  Hughes  Aircraft 

Company  Drawing  No.  334577. 

Unit  6  —  Power  supply,  including  the  batteries  and  elec¬ 
tronic  circuits  for  Units  1  through  5,  is  constructed 
in  accordance  with  Hughes  Aircraft  Company 
Drawing  No.  334532. 

Subassembly  6A1  —  Dc  amplifier  module  is  constructed  in 
accordance  with  the  Hughes  Aircraft 
Company  Drawing  No.  334544. 

Subassembly  6A2  —  Identical  with  6A1. 

Subassembly  6A3  —  Identical  with  6A1. 

Subassembly  6A4  —  Identical  with  6A1. 
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Subassembly  6A5  —  Identical  with  6A1. 
Subassembly  6A6  —  Identical  with  6A1. 
2.  Radiation  Probes 


a.  Sensitivity  —  Units  1,  2,  and  5  shall  have  a 
sensitivity  to  gamma  photons  which  is  within  25%  from  0.  01  to  1  rad/h 
and  15%  from  1  to  100  rad/h  of  the  actual  rad  dose  rates. 

Units  3  and  4  shall  have  a  sensitivity  to  gamma 
photons  which  is  within  ±  25%  from  0,  025  to  1  rad/h  and  i.  15%  from  1  lo 
100  rad/h  of  the  actual  rad  dose  rates. 

b.  Calibration  —  The  radiation  probi  s  shall  be 
constructed  to  permit  manual  calibration  during  laboratory  checkout. 

In  addition,  Uivits  1  and  2  sliall  provide  autom.itic  t  kcironii  caliVii’ation 
a  minimum  of  once  every  two  min. 

c.  Sealing  --  The  radiation  probes  shall  be  sealed 
against  the  harmful  effects  of  foreign  elements. 

d.  Shielding  —  Lead  wires  connected  to  the  radi¬ 
ation  instruments  shall  be  properly  shielded  to  eliminate  or  reduce  rf 
interference. 


e.  Materials  —  Where  applicable,  the  plastic  ma¬ 
terial  used  in  the  probes  shall  be  of  a  tissue -equivalent  type.  Metals 
shall  be  located  as  far  as  possible  from  the  detecting  medium. 

3.  Power  Supply 

a.  Weight  —  The  power  supply  complete  with  five 
modules  shall  not  exceed  ^0  lb  in  weight. 

b.  Functional  Retirements  —  (1)  Batteries  — 

Batteries  shall  deliver  voltages  as  specitied  on  applicable  schematic  diagrams 
within  the  limits  specified  in  Section  C-2  of  Test  Specification  334532- 

400.  Batteries  shall  be  of  a  mercury  cell  type  having  a  useful  operating 
time  of  75  h  at  -20°F  and  an  additional  75  h  of  operating  time  at  tem¬ 
peratures  between  0°F  and  +140°F, 

(2)  Calibration  —  Calibration  circuitry  shall 
be  provided  by  the  power  supply  for  two  of  the  five  radiation  probes  in 
the  manner  described  in  Section  C-2-b  of  this  Specification. 

(3)  Control  —  The  power  supply  batteries  shall 
be  actuated  by  the  application  oi  28  V  dc  to  the  coils  of  latching  relays. 

The  batteries  shall  be  disconnected  by  the  same  voltage  applied  to  the 
relay  coils  of  opposite  polarity. 
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(4)  Signal  Cutout  —  The  signal  output  of  each 
channel  of  radiation  monitor  data  shall  oe  a  dc  voltage  in  the  range  of 
0  to  5  V.  Response  shall  be  approximately  logarithmic. 

4,  Environmental  Conditions 


The  radiation  dosimetry  equipment  shall  operate 
as  specified  herein  under  the  following  conditions. 

a.  Acceleration  —  The  equipment  shall  be  con¬ 
structed  to  withstand  40  g's  in  all  directions. 

b.  Vibration  —  The  equipment  shall  be  c;onBtructed 
to  withstand  vibration  forces  of  1  g  from  0  to  2000  cps. 

c.  Temperature  —  The  equipment  shall  be  con¬ 
structed  to  withstand  temperatures  from  -20°F  to  ■H'lO'^F. 

d.  Pressure  ~  The  equipment  shall  be  required 
to  operate  at  a  pressure  corresponding  to  that  in  evidence  from  0  to 
140,  000  ft  above  sea  level. 

5.  Interchangeability 

For  a  given  instrument  listed  in  Section  C-1  of 
this  Specification  all  parts  having  the  same  manufacturer's  part  number 
shall  be  functionally  and  dimensionally  interchangeable. 

6.  Workmanship 

This  equipment  shall  be  fabricated  and  finished  in 
a  manner  such  that  criteria  of  appearance  and  fit  shall  be  observed. 
Particular  attention  should  be  given  to  neatness  and  thoroughness  of 
soldering,  wiring,  painting,  riveting  and  welding,  and  the  freedom  of 
parts  from  burrs  and  sharp  edges. 

7.  Drawings  and  Specifications 

Drawings  describing  this  equipment  shall  be  pre¬ 
pared  in  accordance  with  MIL-D-703E7,  Type  I.  Specifications  describing 
this  equipment  shall  be  prepared  using  MlL-S-6644  as  a  guide  for  format 
only. 


8.  Construction 


Construction  shall  be  in  accordance  with  engineering 
drawings  referenced  herein. 
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D.  Quality  Assurance 

1.  Acceptance  Tests 

The  Air  Force  shall  conduct  all  acceptance  tests. 
Acceptance  shall  be  rated  on  equipment  being  demonstrated  to  meet  the 
operational,  performance,  and  test  requirements  stated  herein  to  the 
satisfaction  of  the  Air  Force  Project  Engineer. 

2.  Applicable  Test  Specifications 

The  power  supply  chassis  shall  be  tested  prior  to 
delivery  in  accordance  with  Test  Specihcation  334532-400. 

The  individual  dc  amplifier  modules  shall  be  tested 
prior  to  delivery  in  accordance  with  Test  Specification  334544-400. 

The  individual  radiation  probes  shall  be  tested 
prior  to  delivery  in  accordance  with  Test  Specification  334553-400, 
334577-400,  334566-400,  or  334587-400,  whichever  is  applicable. 

E.  Preparation  for  Delivery 

The  radiation  dosimetry  equipment  shall  be  prepared  for 
delivery  in  accordance  with  best  commercial  practice. 

F.  Notes 


The  unit  of  dose  and  dose  rates  for  the  purpose  of  this 
Specification  shall  be  the  rad  as  defined  in  NBS  Handbook  54. 

The  radiation  source  used  to  determine  instrument  sen¬ 
sitivity  as  specified  in  Paraeraph  C-2-a  of  this  specification  shall  be 
Cs^"^,  or  alternatively,  CooO. 
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No.  cys 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


2 

1 

1 

1 

1 

1 


2 

1 

1 

1 

1 

1 
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DISTRIBUTION 

HEADQUARTERS  USAF 

Hq  USAF  (AFXOP),  Wash  25,  DC 
Hq  USAF  (AFORQ),  Wash  25,  DC 
Hq  USAF  (AFRST),  Wash  25,  DC 
Hq  USAF  (AFRNE-A),  Wash  25,  DC 
Hq  USAF  (AFNIN),  Wash  25,  DC 
Hq  USAF  (AFTAC),  Wash  25,  DC 
AFOSR  (SREC),  Bldg  T-D,  Wash  25,  DC 
ARL  (RRLO),  Wright- Patterson  AFB,  Ohio 
AFOAR,  Bldg  T-D,  Wash  25,  DC 
(RRON) 

(RROSB,  Lt  Col  R.  M.  Howard) 

MAJOR  AIR  COMMANDS 

AFSC,  Andrews  AFB,  Wash  25,  DC 
(SCT) 

(SCGB,  General  Strickland  for  Bioastronautics) 

TAG  (DORQ-M),  Langley  AFB,  Va 
SAC,  Offutt  AFB,  Nebr 
(OA) 

(OAWS) 

USAFIT  (USAF  Institute  of  Technology),  Wright-Patterson  AFB, 
Ohio 

AFSC  ORGANIZATIONS 

FTD  (Library),  Wright-Patterson  AFB,  Ohio 
ASD  (ASAPRL),  Wright-Patterson  AFB,  Ohio 
BSD  (Tech  Library),  Norton  AFB,  Calif 

SSD  (SSSC-TDC),  AF  Unit  Post  Office,  Los  Angeles  45,  Calif 
ESD  (ESAT),  Hanscom  Field,  Bedford,  Mass 
AF  Msl  Dev  Cen  (RRRT),  Holloman  AFB,  NM 
AFFTC  (FTFT),  Edwards  AFB,  Calif 
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DISTRIBUTION  (cont'd) 

No.  cyi 

1  AFMTC  (MU-135),  Patrick  AFB,  Fla 

1  APGC  (PGAPI),  Eglln  AFB,  Fla 

1  RAOC  (Document  Library),  Grifflss  AFB,  NY 

1  AEDC  (AEOI),  Arnold  Air  Force  Station,  Tenn 

KIRTLAND  AFB  ORGANIZATIONS 

AFSWC,  Klrtland  AFB,  NM 
1  (SWEH) 

40  (SWOI) 

1  (SWV) 

1  (SWT) 

1  (SWRPA) 

1  (SWRPT) 

1  (SWRPS) 

1  (SWRJ) 

1  (SWRB) 

1  ADC  (ADSWO),  Special  Weapons  Office,  Klrtland  AFB,  NM 

1  SAC  Res  Rep  (SWL),  AFSWC,  Klrtland  AFB,  NM 

1  TAC  Liaison  Office  (TACLO-W),  AFSWC,  Klrtland  AFB,  NM 

1  US  Naval  Weapons  Evaluation  Facility  (NWEF)  (Code  404), 

Klrtland  AFB,  NM 

OTHER  AIR  FORCE  AGENCIES 

1  Director,  USAF  Project  RAND,  via:  Air  Force  Liaison  Office, 

The  RAND  Corporation,  ATTN:  RAND  Library,  1700  Main  Street, 
Santa  Monica,  Calif 

1  USAF  Aerospace  Medical  Center,  Brooks  AFB,  Tex 

1  3973rd  USAF  Hospital  (SAC),  APO  284,  New  York,  NY 

ARMY  ACTIVITIES 

1  Chief  of  Research  and  Development,  Department  of  the  Army, 

(Special  Weapons  and  Air  Defense  Division),  Wash  25,  DC 

1  US  Army  Materiel  Command,  Harry  Diamond  Laboratories 

(ORDTL  06,  33,  Technical  Library),  Wash  25,  DC 
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Na.  cy» 


DISTRIBUTION  (cont'd) 


I  Redstone  Scientific  Infornnation  Center,  US  Army  Missile 

Command  (Tech  Library),  Redstone  Arsenal,  Ala  "  ~ -  • 

I  Director,  Ballistic  Research  Laboratories  (Library),  Aberdeen 

Proving  Ground,  Md 

I  Commanding  Officer,  US  Army  Signal  Research  fc  Development 

Laboratory,  ATTN:  Dr.  W.  McAfee,  Fort  Monmouth,  NJ 

I  Commanding  General,  White  Sands  Missile  Range  (Technical 

Library),  White  Sands,  NM 

NAVY  ACTIVITIES 

1  Chief  of  Naval  Operations,  Department  of  the  Navy  (OP- 36), 

Wash  25,  DC 

1  Commanding  Officer,  Naval  Research  Laboratory,  Wash  25,  DC 

1  Commanding  Officer,  Naval  Radiological  Defense  Laboratory 

(Technical  Info  Div),  San  Francisco  24,  Calif 

1  Office  of  Naval  Research,  ATTN:  Dr.  W.  J.  Thaler,  Wash  25,  DC 


OTHER  DOD  ACTIVITIES 

1  Chief,  Defense  Atomic  Support  Agency  (Document  Library), 

Wash  25,  DC 

1  Commander,  Field  Command,  Defense  Atomic  Support  Agency 

(FCAG3,  Special  Weapons  Publication  Distribution),  Sandia  Base, 
NM 

1  Director,  Weapon  Systems  Evaluation  Group,  Room  2E1006, 

The  Pentagon,  Wash  25,  DC 

1  Director,  Advanced  Research  Projects  Agency,  Department  of 

Defense,  ATTN:  Col  Innes,  The  Pentagon,  Wash  25,  DC 

AEC  ACTIVITIES 

I  US  Atomic  Energy  Commission  (Headquarters  Library),  Wash  25, 

DC 

1  Sandia  Corporation  (Technical  Library),  Sandia  Base,  NM 

i  Chief,  Division  of  Technical  Information  Extension,  US  Atomic 

Energy  Commission,  Box  62,  Oak  Ridge,  Tenn 

1  University  of  California  Lawrence  Radiation  Laboratory 

(Technical  Information  Division),  P.  O.  Box  808,  Livermore,  Calif 
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DISTRIBUTION  (cont'd) 


No.  cyi. 

1  Director,  Los  Alamos  Scientific  Laboratory  (Helen  Redman, 

Report  Library),  P. O.  Box  1663,  Los  Alamos,  NM 

1  Goddard  Space  Center,  NASA,  ATTN;  Dr.  J.  Heppner, 

Wash  25,  DC 

lO  ASTIA  (TIPDR),  Arlington  Hall  Station,  Arlington  12,  Va 

1  Official  Record  Copy  (SWRB) 
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